was used as a preliminary reference to guide assembly of the RV16 genotype, and subsequently 1 0 2 the RV16 assembly was used to fill gaps of the Am. 57845 genotype. The RV16 assembly was annotated in stages; first by predicting genes using Mfannot 1 0 4 (Beck and Lang, 2010), an integration of tools including BLAST (Altschul et al., 1990) , davidiana (NC_032718.1), U. gaussenii (NC_037840.1), U. laciniata (NC_032719.1), U. 1 1 0 macrocarpia (NC_032720.1), and U. pumila (NC_032721.1), and GeSeq's manually curated 1 1 1 chloroplast rRNA and CDS reference sequences. The BLAT (Kent, 2002) search identity was 1 1 2 set at 55% for protein and 85% for rRNA, tRNA, and DNA. The tRNA annotator ARAGORN 1 1 3
(v. 1.2.38) was additionally used (Laslett and Canback, 2004) . The annotations were validated in Sequin (v. 16.0) , in which errors and warnings were flagged and resolved (NCBI, 2016) . Subsequently the annotations were manually inspected to resolve discrepancies. As the strand 1 1 6 directionality of some of the tRNAs and rRNAs in the Ulmus (Asian elm) chloroplast references 1 1 7 were determined to be incorrect during annotation, the chloroplast genome of Vitus vinifera To identify variants (i.e., SNPs and indels) within the U. americana chloroplast, 1 4 0 chloroplast-specific reads were extracted from each genotype's whole-genome paired-end reads 1 4 1 using BBsplit in BBMap (v. 37.93) (Bushnell, 2014) . These chloroplast reads from each 1 4 2 genotype were separately mapped to the RV16 genotype's chloroplast assembly using BWA (v. .bam files and to mark duplicates (Wysoker et al., 2019) . First, the tool HaplotypeCaller (with the flags --pcr-indel-model NONE and -ploidy 1) was used 1 4 7 on each genotype in GVCF mode. Joint genotypes were then produced using the tools T  h  e  s  eu  e  n  c  e  m  a  n  i  p  u  l  a  t  i  o  n  s  u  i  t  e  :  J  a  v  a  S  c  r  i  p  t  p  r  o  g  r  a  m  s  f  o  r  a  n  a  l  y  z  i  n  g  a  n  d  f  o  r  m  a  t  t  i  n  g  5  1  1  p  r  o  t  e  i  n  a  n  d  D  N  A  s  eu  e  n  c  e  s  .   B  i  o  t  e  c  h  n  iu  e  s   2  8   ,   1  1  0  2  ,  1  1  0  4  .  5  1  2  T  i  l  l  i  c  h  ,  M  .  ,  L  e  h  w  a  r  k  ,  P  .  ,  P  e  l  l  i  z  z  e  r  ,  T  .  ,  U  l  b  r  i  c  h  t  -J  o  n  e  s  ,  E  .  S  .  ,  F  i  s  c  h  e  r  ,  A  .  ,  B  o  c  k  ,  R  .  ,  a  n  d  G  r  e  i  n  e  r  ,  S  .  (  2  0  1  7  )  .  5  1  3  G  e  S  e-v  e  r  s  a  t  i  l  e  a  n  d  a  c  c  u  r  a  t  e  a  n  n  o  t  a  t  i  o  n  o  f  o  r  g  a  n  e  l  l  e  g  e  n  o  m  e The darker gray in the inner circle shows the GC content, while the lighter gray shows the AT americana chloroplast from Am. 57845 and RV16 sequencing reads, using the RV16 assembly 5 5 1 as a reference. Numbering is along the RV16 assembly, with a bin size of 1,000bp. Fig (Ficus racemosa) , and Cannabis (Cannabis sativa), genera belonging to the same tribe as 5 5 9 elms, and some outgroup species as listed in Table 1 . Trees are unrooted but outgroup black The direction of transcription is indicated by arrows. Genes inside the circle are transcribed color-coded as shown in the legend. The darker gray in the inner circle shows the GC content, Ulmus genomes using the RV16 genotype of U. americana as a reference for alignment and such as tRNAs are not labeled. Table 3 . Gene content of the Ulmus americana chloroplast genome. Genes with multiple copies are indicated in parentheses.
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Gene Category Gene group Gene Names
Self-replication
Ribosomal RNA genes rrn4.5S (2) rrn5S (2) rrn16S (2) rrn23S (2) Transfer RNA genes trnA-UGC (2) trnC-GCA trnD-GTC trnE-TTC trnF-GAA trnG-GCC trnI-CAT trnI-GAT (2) trnK-TTT trnL-TAA trnL-TAG trnL-CAT trnL-CAA (2) trnfM-CAT trnM-CAT trnN-GTT (2) trnP-TGG trnQ-TTG trnR-TCT trnR-ACG (2) trnS-GCT trnS-GGA trnS-TGA trnT-GGT trnT-TGT trnV-GAC (2) 
